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1 Title of Invention 



ACETAL/ALICYCLIC POLYMERS AND PHOTORESIST COMPOSITIOKS 

2 Claims 

1 . A photoresist composition cotiiprisiiig a photoaestive component and a 
polymer that comprises an alicyclio unit and a photoacid-Iabile acetal unit. 

2. Tlic photoresist of claim 1 wiiercin tlK aKcycllc unit is a substituent of the 
acetal unit. 

3 . The photoresist of claims 1 or 2 whercm tho aiicylic unit is a carbon 
alioyclic unit 

4. The photoresist of claims I or 2 wherein the alioyclic unit Is a hctcco 
albyiio unit. 

5 . The photoresist of claim 1 wherein the aoetat unit is a polymer unit 
separate &om the alicycUc unit 

6. The photoresist of any one of claims I throygh 4 wherein the polymer 
comprises a polymerized acrylatc that comprises an ace^l group and an alicyclic group. 

7. llio photoresist of any one of clairos 1 through 6 wherein the polymer 
comprises phenyl groups vrilh one or more occtal ring substitucnts, 

8. The photoresist of any one of claims I thvougii 7 wherein the polymer 
comprises aromatic units. 

9. The photoresist of any one of claims 1 Ihioagh 8 wherein the polymer 

comprises phenyl units. 

1 0. The photoresist of any one of clams 1 through 6 wherein the polymer is 
substantially free of aromatic units. 
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1 1 . llic photoresist of any one of claims 1 through 1 0 wherein the polymer 
further comprises lactone, anhydride, or tilttilo units. 

12. Hie photoresist of any one of claims 1 through 1 1 wherein the polymer is 
a lerpolymcr, tctrapolymer or a pentapolyraer. 

13. A method of forming a positive pholorftsist lulief image, comprising; 

(a) applying a coaling layer of a photoresist of smy one of claims 1 through 1 2 
on a substrate; mtd 

(b) cstpoang and developing the photoresist layer to yield a rcHcf imago, 

14. Tlie method of olaitj^ 13 wheirein the photoresist layer is exposed with 
radiation having a wavelength of less than about 300 niii. 

1 5. Hic method of claim 13 wherean tlte photoresist layer is exposed with 
radiation hawng a wavelength of less than about 200 tun. 

16. The method of claim 13 wherein tlie plvrtxscesist layer is exposed vnth 
radiation having a wavelength of about 248 nm, 193 nm or 157 nm. 

17. An article of manufacti\re comprising a microelectronic wafer substrate 
having coaled Ihcrcon a layer of the photoresist composition of any oiks of claims 1 
through 12, 

1 8. A polymer that comprises an alicyclic unit and a photoacid-Ioblle acetal 

unit 

19. A polymer of claim 1 8 whcnsin Ihc alioyolio unit is a substiluent of the 
acetal unit. 
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20 . The polymer of claim 1 8 wlierein die acctal unit is a polymer unit separate 
fi-om the alicyclic unit 

21 . The polymer of cl aims 1 8, 19 or 20 vrfierem tlie alicylic unit is a carbon 
alicyclic unit. 

22. The polymer of claims 18, 19 or 20 wherein the aiioyciic unit is a hetero 
alicylic unit. 

23. The polymer of any one of claims 1 8 tlirough 22 wherein the polymer 
comprises a polymerized acrylale that comprises an acctal group and an alicyclic group. 

24. The polymer of any one of claims 18 through 23 wherein the polymer 
comprises phenyl groups with one or more acetal ring substitucnts. 

25. The polymer of any one of olaims 1 8 through 24 whertan the polymer 
eompriscs aromatic units. 

26. The polymer of any one of olaims 18 through 24 wherein the polymer 
comprises phenyl units. 

27. The polymer of any one of claims 1 8 through 24 wherein the polymer is 
substimttally tee of aromatic units. 

28. The polymer of any one of claims 18 through 27 wherein the polymer 
further comprises lactone, anhydride, or nitriie imits. 

29. The polymer of any one of claims 1 8 through 28 whcrdn the polynier is a 
lerpolymer, tetrapolymcr or a pentapolymcr. 
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3 Detailed Description of Invention 

BACKGROUND OF TIIE INVENTIOM 

1 . Field of the Invention 

The present invention relates to new polymers that contain both pliotoacid-labile 
acctal groups and alicycUc tnoieties such as adaraantyl, norbornyl, fcnchy! and the lilw, 
tmd the use of such polymers as a resin component for photoresist compositions, 
partleolarly chemically-amplified positive-acting resists that can be effectively imaged at 
short wavelengths such as sub-300 nm and sub-200 ran, particularly 24S nm and 193 nm, 

2. Background 

Phototeslsts are photosensitive films used for transfta: of images to a substrate. A 
coatbg layer of a photoresist 5s formed on a substrate and the photoresist layer Is then 
exposed through a photomask to a source of activating radiation. The photomask has 
areas thai arc opaque to activating radiation and other areas thai are transparent to 
activating radiation. Bxposuro to activating radiation provides a photoinduccd chemical 
transformation of the photoresist coatmg to thereby transfer the pattern of the photoma.sk 
to the pholoresist-coated suhstratft. Following exposure, the photoresist is developed to 
provide a relief Image that permits sdeclive processuig of a substrate. 

A photoresist can bo dther positivB-acting or negative-^sting. For most negative- 
acting photoresists, those coating layer portions thai aro otposed to acdvating radiation 
polymerize or crossluik in a reacdon between a photoactive compound and polymeiizablc 
reagents of the photoresist composition. Consequently, the exposed coaling portions aiu 
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xendered less soluble ia a developer solution than unexposed portions. For a positive- 
acting photoresist, exposed portions arc rendered more soluble in a developer solution 
while areas not exposed remain comparatively less devolopcr soluble. Photoresist 
compositions are described in Deforest, Photoresist Materials and Processes. McGraw 
Hill Book Company, New York, dr. 2, 1 975 and by Moreaw, Semiconductor 
Lithography, Principles, Practices and Matcrids, Plenum Press, New York, ch. 2 and 4. 

More recently, dieraically-£tf!iplificd-tj'pc resists have been increasingly 
employed, particularly for formation of sub-mioron images and other high performance 
^plications. Such photoresists may be negative-acting or posilive-acling and generally 
include many crossUnidng events (in the case of a negative-acting resist) or dcprotcotion 
reactions (in the case of a positlvo-aoting resist) per unit of photogoncratcd acid. In flie 
case of poative chcmioally-aaiplified resists, certain cationic pbotoinitiators have been 
used to induce cleavage of certam "bboldng" groups pendant from a photoresist binder, 
or cleavage of certain gcovps that comprise a photoresist binder backbone. See, for 
example, U.S. Patents Nos. 5,075,199; 4,9(58,581; 4,883,740; 4.810,613; and 4,491 ,628, 
and Canadian Patent Application 2,001,384. Upon cleavage of the blocking group 
through exposure of a coating layer of such a resist, a polar functional group is formed, 
e.g., carboxyl or imidc, which rcsiilLs in different solubility characteristics in exposed and 
unexposed areas of the resist coating layer. Sec also R.D. Allen ct al., Proceedings of 
SPIE, 2724:334-343 (1996); and P. Trefonas ct al. Proceedings of the 1 1th International 
Conference on Photopolymers (Soo. Of Plastics Engineers), pp 44-58 (Oct. 6, 1 997). 

■While wrrently availablfe plffltorcsasts are suitable for many applications, current 
itsists also cm exhibit significant shortcoming.'!, particularly in hi^ performance 
applications such OS fotmaUon oFhighly resolved sub-half micron and jsuVquarter micron 
features. 
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Conscqucntly, interest has increased in photoresists that can be pbotoiniaged with 
short wavelength radiation, inclwding exposure radiation of about 250 nra or less, or even 
about 200 nra or less, such as wavelengths of about 248 rnn Ojrovided by KrF laser) or 
193 nm (provided by an ArF esxposure tool). See European Published Application 
EP91 53 82 A2. Use of such short exposttns wavclcsngths can enable fontiation of smaller 
features. Accordmgly, a photoKsist tliat yields well-rcsolved images upon 248 nra or 193 
lun exposure could enable formation of extremely small (eg. sub-0.25 (im) features (hat 
respond to constant industry demands for smaller dimension circuit patterns, e.g. to 
provide greater circuit density and enhanced device performance, 

However, many current photoresists arc generally designed for imaging at 
relatively higher wavelengths, such as G-line {43*; nm) and Mine (365 nm) are generally 
unsuitable for imaging at short wavelengths such as sub-200ma. Even shorter 
waveiejJgth wsJsts, such as those effective at 248 nm exposures, also are generally 
unsuitable for sab-200 nm exposures, such as 1 93 nm Ima^. For instance, ourronit 
photoresists can be highly opaque to oxlremdy short exposuns wavelengths such as 193 
nm, thereby rcsuhing in poorfy resolved images. 

SUMMARY OF THE INVENTION 

Wo have now found novel polymers and pholoresisf compositions that comprise 
tlie polymers as a rosin component. Polymers of the invention contain alicyclic groups 
(cage groups) and acetal groups which can undergo a deblocking reaction in the presence 
of photogcnerated acid. Preferably, an alicyolic gjroup is integral to an acctal group. i.o. 
an acetal group has an alicyclio substitueat. 

We have found that use of such polymesrs of the invention can impart sigjiiftcant 
lithographic properties to photoresists contdning the polymer. For instance, the alicycllc 
groups can provide increased contrast relative to a comparable polymer that does not 
contain alicyclio moieties. Additionally, the rel^ivcly bulky and higher molecular 
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wei^t flUcyclio gtouips are loss prone to undessiTflWe outgasang during a deblocking 
reaction. Still further, the alicydlc groups can esxhibit oulstandlng resistedce to plasma 
etclimits used during photoresist processing. Photoadd deblocking by-products dso can 
futiCtton as dissoldtlon accelerators, Le. facilitate dissolution of exposed i^sl regions ia 
aqueous alkaline solution. 

Alicyclic groups of polymers of the invention may be suitably carbon alicyclio 
groups (i.e. the group has all carbon ring members), or heteroalicylic groups (i.c. the 
olicyclic has one or mote het<a-o ring members such as N, O or S. more typically 0 or S), 
Carbon alicyclic groups are preferred fijr at least soities appHcfttions. 

Such alloyolio gioups arc preferably a subsliliKsnt of acetal groups of the iwlymct. 
For cxtimplc, polyraera of the invention suitably comprise groups of the formula: 
-0-(CXY>0-CCX' Y VAlioyolic, wherein X, Y, X', Y' are each Independent a hydrogen 
or noit-hydrogen substituent, or one or more (CX' Y") is an aromatic group such as 
phenyl, n is an integer of one or greater, and typically is I to about 6, 7, or 8, and 
AHcyclic is a carbon alicyclic or heleroalicyclic group such as optionally substituted 
adamantyl, optionally substituted nOrbomyl, and optionally substituted fenchyl. 
Particularly preferred carbon alicyclic groups include melhyladamantyl, ethyl fencyl, 
optionally substituted pinanyl, optionally substituted trLcyclo decanyl, particulady an 
alkyl-substitutcd tricyolo decanyl such as g-ethyl-S-tricyclodecany!. Exemplary 
hcteroalicyclic groups include e.g. tetrahydrofuranyl, moipholino, aud the like. 

Such ftoetal groups may be grafted onto a prelbnnod polymer, or may be a 
sabstituent of a monomer that can be polymerized to provide a polymer of the invention. 
For example, such awtal groups can be grafted onto reactive polymer groups such as 
hydroxy, carboxy and the like. e.g. a vinyl ether grafted onto phenolic oxygens of a 
phenol-contaiumi; polymer. Acrylate monomers that contain such acetal are suitably 
polymcrizfid to provide a polymer of the invention. 
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Polymers oftiie invention also may contain units in addilion to the above groups. 
For example, polymers of tlw invention also may contain nitiile unite such as provided by 
polymtaization of m^tbacrylonitrilc and acjylonitrile. Additional contmt enbandng 
groups also may be present in polymers of the invention, svwh as groups provided by 
polymerization of methacrylic acid, acrylic acid, and such acids protected as photoaoid 
labile esters, e.g. as provided by reaction of etlioxycthyl melhaciylale, t>butoxy 
methacrylate, t-butylmetliacrylate and the like. 

Generally preferred polymers of the invention contain 2, 3, 4 or 5 distinof repeat 
units, i.e. preftxred are copolymers, tcrpolyiners, tetrapolymers and pcntapolyraers that 
contain one or more alicyclic and acctal gtoups as disclosed herein, 

PolymctB of the invention that are employed in photoresists imaged at 193 ran 
prefcrabiy will bo substantiaily iiee of any phenyl or other aromatic groups. For 
example, pBjfcrnsd polymers contain less tlian about 5 raole percent aromatic groups, 
more preferably less than about 1 or 2 mole percent aromatic groups, more preferabty 
less than about 0,1 , 0,02, 0.04 and 0.08 mole percent aromatic groups and still more 
preferably less than about 0.01 mole percent aromatic groups. Particularly preferred 
polymers are completely f^cc of aromsrfic gronja. Aromatic groups can be highly 
absorbing of sub-200 txca radiation attd tlius are undesirable for polymers used in 
photoresists imaged v;dth such slwrt wavelengOi radiation. 

The invention also provides methods for forming relief images, mcludmg 
methods for forming a highly resolved relief image such as a pattern of lines where each 
line has essentially vertical sidcwalls and a line widtli of about 0.40 microns or less, and 
even a width of about 0.25, 0.20 or 0.16 microns or less, 'fhe invention further provides 
articles of manufacture comprisii^ substrates such as a microelectronic wafer substrate or 
liquid crystal display or other flat panel display substrate having coated thereon a 
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polynier, photoresist or resist tcUcf imago of ihc invcaitioiL Other aspects of Uie 
invention disclosed infia. 

DETAILED DHSCRIPTION OF THE INVENTION 

As discussed above, polymers of the iavention conteun an alicycKc moiety that is 
pr&fcrably a substiluent of a pbotoacid-Iabilo accfa! group. 

Such groups suitably can be provided by a vinyl ether that contains an alicyclio 
group. The vinyl ether is suitably provided by an aiioycHo alcohol. For instance, m 
eBtcmplaiy synthesis is shown in the following Scheme 1 . 

Scheme 1 




In the above Scheme I, the alicyclio alcohol X is reacted with 1,2-dihaloelliyl 2 in 
Iho presence of base such as a hydride, e.g. sodium hydrido or Ufhiura aluminum hydride 
or the like iti a suitable solvest e.g. telrahydrofuran and the like. T"he lesiUting halo-e^or 
1 is treated vii&i a suiiaWe base to provide the alicyclic vinyl ether 4. Suitable bases for 
the dehydrohalogBnatlon reaction inolwle a hydroxide such as sodium or potassium 
hydroxide in the presence of an alkyl ammonium salt swch as tetrabutyl aramonlnm 
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hydro&cn salfate. The elimination reaclion can be ruti in a variety of solvents, iiiol«ding 
mixed solvent systems such as walor and an aromatic solvent eg. water and benwno, 
toluene and/or xyletie, 

Such vinyl efliw compounds 4 then can be grafted e.g. under acidic conditions 
onto a prefotraed polymer, e.g. onto hydroxy groups of a phenolic polymer, or other 
reactive polymer groups such as carboxy or other hydroxy moieties. For example, the 
preformed polymer may be admixed in a suitable solvent together with the vinyl ether 
compound find an add such as hydrooloric acid, suinMc acid, walonic acid or a salfurLo 
acid. Suitable solvents include e.g. acetone, tetrahydrofuran, dJglyme and dloxane. 

The vinyl ether compounds i also may be employed as a iwagenl for monomers 
that can be potymeriaffid to provide polymer units that contain aceiaValicyclic groups. 
That approach is eitemplitled infiie following Scheme 2: 
Scheme 2 



As shown in above Scheme 2, the vinyl ether 4 can be reacted in the presence of i 
monomer that oonlains a hydroxy or carboxy moiety as exemplified by methacrylic acid 
S to piwvido polymerized units tlwt contain the photoacid-labile units of polymer 6 whicl 
comprise albyolic groups R. Exemplary alicyelic R groups are depicted in the above 
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Schema i groups as R groups ofROH compounds. Tlifi unite 5 may be co-polymwlzed 
with other unils to provide copolymers, teipolymers, letrapolymBrs and the like. For 
hislancc, suitable groups to co-polymerize with units 1 include eg. opttonaily substituted 
slyrcne, optionally substituted phenol, acrylonitrile, melhaorylonilTilc. and the like. 

Tlic allcyclic alcotio! 1 also may be employed as a reagent for monomers that can 
be polymerized to provide polymer units that contain aoelal/alicyclio groups. That 
spptoadt is exemplified in the foUovnug Scheme 3: 
Schemes 




As shown in above Scheme 3, tiie alicyclic alcohol i can be reacted in the 
presence of a divinyl monomer that contains a hydroxy or caiboxy moiety as cxempliitwi 
by vinyl mctliactylate 1 to provide polymerized units that contain the photoacid-labile 
units of polymer 6 with aUoyolic eroups R. ]3xeroplary alicydic R groups are depicled in 
Uie Schemft 1 above as compounds ROII. A$ discussed above with respect to units 1 of 
Scheme 2, units 7 may be co-polymerizcd with other units to provide copolymers, 
teipolymm, telrapolymers and the like. For instance, suitable groups to co-polymerizc 
with units 5 include e.g. optionally substituted styiene, opUoimlly substituted phenol, 
aoTytonltrile, mcthacrylonitrilc, and the like. 
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Preferred alicyclic moiotics of polymers of the mveiition have rathe* large 
volume. Such bwlky alicyplic groups can provide enhanced resolution v/heti used in 
pholotcsisfs of the invention. 

Moie particularly, prefeiiod alioyclic Btoups will have a uiolccuSar volume of at 
least about 125 or about 130 A^ more preferably a molecular volume of at least about 
135, HO, 150. 155. 160, 165, 170, 17S, 180, 185, 190, 195, or 200 Alioyclic groups 
larger iMn about 220 or 250 may be less preferred, in at least some applications. 
References herein to molecular volumes designate volunnelTic size as determined by 
standard computer modeling, which provides opUmizcd ohafllcal bond leaigihs awd 
angles, A preiferrcd computer program for detfirmimug molecular volume as refeitcd to 
herein is Alchemy 2000, available from Tripos. For a further discussion of compnlw- 
basod determination of moleoiilar size, see T Omote et al. Polymers for Advanced 
Technologiex, volume 4, pp. 277-287. 
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Particularly preferred alicyclic groups of polymers of Ihs invention includo 
ieitiary groins such as tiie following, where the wavy line depicts a bond to the carboxyl 
oxygen of the ester group, and R is suitably hydrogen or more prtferabty optionally 
sutetHatcd alky!, particularly Ci.« aJkyI such as mothyl. ethyl, etc. 

^ '6 i\ 





5. 


Cu. 

R 















Polymers of the invention also may contain pholoacid-lflbilis groups that do not 
contain an olicyclio moiety. iTjcluding photoacid labile groups other than accta! groups. 
For cxaniple, polynusrs of the Invention may contain photoacid-labile ester unite, such ss 
a photoacid-labile alkyl ester. Generally, the carboxyl oxygcti (i.e, the carboxyl oxyg<^n 
as underlined a.<5 follows: -C(=0)Q) of ttie photoacid-labUe ester vriU be covalently linked 
to the quaternary carbon. Branched photoaoid-labilc esters arc generally preferred such 
as t-butyl and-C(CH3)2CH(CH3)2. 
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Atso preferred photoacid-Jabilc groups in addition to acetal groups of polyjneis of 
the mveHtion m titers that corttain a tcrtituiy alicycUc hydrocarbon ester moiety. 
Preferred tertiary alicyclic hydrooailwn ester moieties are polyoyolic groups such 
adamantyl, ediylfcaioyl or a tricyclo dccanyl moidy. Rcferettccs herein to a "lertiBty 
Blicyclio ester group" or other similar temt itidicate that a tertiary alicyclic ring carbon Is 
covalentJy linked to the ester oxygen, i.c.-C(»0)0-TR' where T is a tertiary ring carbon 
of alicyclic eroup R', isioluding those groups depicted above, 

As discussed abov6, polymers of the invention also may contain additional units 
such as cyano units, lactone units or anhydride units. For example, acrylonitrile or 
methacryloDittlb may be polynieriiffid to provide pendant cyano gioups, or maleio 
anhydride may be polymerized to provide a fUscd anhydride unit. 

As discsussod above, polymers of the inveotion are preferably employed in 
photoresists imaged at short vraveleneths, particularly sub-300 nm sach as 248 nm and 
sulv-200 nm such as 193 nm ani 157 nm. For such higher wavelengOi applications, such 
as above 200 nm, including 248 nm, the polymer may suitably contain aromatio units, 
eg. polymerized styreae or hydroxystyrene units. 

As discussed, various moieties of polpiiers of the inveationmay be opdomlly 
substituted. A "substituted" substituent may be substituted at one or more available 
positions, typically 1 , 2, or 3 posttious by one or more suitable groups such as eg. 
halogen (particidarly F, CI or Br); cyano; Cs alkyl; C,.8 alkoxy; C,.g alkyllhio; Ct., 
alkylsulfonyl; Cz^ alkonyl; Cj-s alkynyl; hydroxyl; nitro; alkanoyl such as aC^ alkanoyl 
e.g. acyl and the like; etc. 

Polymers of the invention can be prepared by a variety of methods. One suitable 
mefliod is an addition reaction which may include free radical polymerization, e.g.. by 
reaction of selected monDmers to provide the various units as discussed above in the 
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presetict of a radical iniUator under m inort atmosphere (e.g., or argon) and at 
elevated tcmpemtures such as about 70'C or greater, although reaction tempcratutes may 
vary depending on the reactivily of tlie particular reagents employed and the boiling point 
of the reaollon solvent Of a solvent is employed). Suitable reaction solvents include e.g. 
tdvsdiydroflwan, elhyl lactate and the like. Suitable reaction temperatures for any 
particular system can be readily determined empirically by those skilled in the art based 
on the present disclosure. A variety of free radical initiators may be employed. For 
example, azo compounds may be employed stjch as azD^bis^2,4-diniethylpcntanenitrile. 
Peroxides, pcresters, peracids and persulfates also could be employed, 

Otlior monomers ihat can be reacted to provide a polynner of the invention can be 
identified by those skilled in the art. For example, maleic anhydride is a preferred 
reaawt to Fovide fused anhydride polymer units. Itaconic anhydride also is a preferred 
reagent to provide anhydride polynicr units, preferably where the itacoob anhydride has 
purified such as by extraction with chlorofoim prior to polymeri/ation. Vinyl lactones 
are also preferred reagents, such as aipha-butyrolactons. PhcnoUo and otherphenyl units 
tan be provided by polymerization of vinyl phenyl, and oUicr substitat»d and 
ujisubstitutcd phenyl groups such as styresM;. 

Preferably a polymer of the invention will have a weight average molecular 
weight (Mw) of about 800 or 1^0 to sbovA lOO.OOO, more preferably about 2,000 to 
about 30,000, still more preferably from about 2,000 to 15.000 or 20.000, witha 
nwlecular weight distribution (Mw/Mn) of about 3 or less, more preferably a molecular 
weight distribution of about 2 or less. Molecular weights (either Mw or Mn) of ttte 
polymers of the invention are suitably determined by gel permeation chromatography. 
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Polymers of the invention used in photoresist formvilations should contain a 
sufficient amount of pbotoaoid labile gioiips to enable fonnation of resist reUftf images as 
desired. For instance, suilablo amoimt of acid labile groups will be at least I mote 
percent of total units of tlie polymer, more preferably about 2 to 50 mole percent, sfiil 
T«ore typically about 3 to 30 or 40 mole percent of total polynKa: units. See the examples 
which follow fO( exemplary preferred polymers. 

As discussed above, the polymers of the invention are highly useful as a resin 
component in photoresist compositions, particularly chemically-amplified positive 
resists. Photoresists of the invention in general coraprisc a photoactive component and a 
Msia component that comprises a polymer as described above. 

The rcsm binder component should be used in an amount sufficient to render a 
coating layer of the i«slst developsble with an aqueous alkaline developer. 

The resist compositions of the faivention also comprise a photoaoid generator (i,o. 
"PAG") that is suitably employed in an amount sufficient to generate a latent image in a 
coating layer of the resist upon exposure to activating radiaUon. Preferred PAGs for 
imaging at 193 nra and 248 nm imaging iishide imidosulfonates sudi as compounds of 
the following formula: 




wherein R is camphor, adamantane, alkyi (e.g. C,.,z alkyl) and perfluoroalkyi such as 
perfluoro(Ci.t2alkyl). particularly pernuorooclanesulfonate. perfluorononanesulfonate 
and the like. A specifically preferred PAG is N.[(perJluorooclanesulfonyl)oxy]-5- 
norbonienc-2,3-dicarboximide. 
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Sulfonatc compounds m> also suilablc PAGs, particulariy sulfonate salts. TWo 
suitable agents for 193 nmafld 248 run imaeing art the foHowing PAGS 1 and 2: 



Such SHlfonatc compounds can be Fepared as disclosed in European Patent 
AppIicaUon 961 ISilt .2 (publication number 0783136), which details the synthesis of 
above PAG 1, 

Also saitabic are (he above two jodonium compounds complcxed with anions 
ollKr than the above-depicted camphorsulfonatc groups. In particular, preferred anions 
include those of the formula RSOr where R is adaraantanc, aHfyl (eg. C.z alkyl) and 
perfluotoalkyl such as perfluoro (C,.„alkyl), particularly perfluorooclanesulfonalc. 



Other known PAGS also may be employed in the resists of the mvention. 
Particularly for 193 nm itnaging. genwaUy preferred are PAGS tlat do not contain 
aromatic groups, such as the above^nentioncd imidosulfonates. in order to provide 



A prefcned opUonal additive of resists of the invention is mi added base, 
p..ticularlytelr.butyIammonimnhydro.ide (TBAH). or tc^mbutylammoniuni lactate, 
which can enhance resolution of e developed resist relief iniaee. For resists imaged at 
193 nm, aproferred added base is ahindctcd amine such as diazabicyclo undeccne or 
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diaj-iibicyclononene. The added base is suitably used m relatively small amounts, e-e- 
about 0.03 to 5 percent by weight relative to the total solids. 

Photoresists of tlvj invention also may contain other optional materials. For 
example, other optional additives include anti-striation agents, plaslicizcrs. speed 
enhancers, etc. Such optional additives typically will be present in minor concentrations 
in a photoresist cosnposltion except for flUers and dyes which may be present in relatively 
large concentrations, e.g., in amonnts of from about5 to 30 percent by weight of the total 
vveight of a resist'g dry components. 

The resists of the invention can be readily prepared by those skilled in the art. For 
example, a photoresist composition of iho invention can be prepared by dissolving the 
components of the photoresist in a suitable solvent such as, for example, ethyl lactate, 
ethylene glycol monomethyl ether, ethylene glycol monomethyl cttier acetate, propylene 
glycol monomethyl other, propylene glycol monomethyl etlier acetate and 3-ethoxycthyl 
propiowate. Typically, the solids content of the composition varies between about 5 and 
35 percent by weight of the total weight of the photoresist composition. Tlie resin binder 
and photoactive components should be present in amounts sufficient to provide a film 
coating layer and formation of good quality latent and tellcf Images. See the cjcamplcs 
which follow for exemplary preferred amounts of resist components. 

H,e compositions of the invention arc used in accordance with generally known 
procedutca. Ue liquid coating compositions of the invention are applied to a substnde 
such as by spinning, dipping, roller coating or other conventional coating technique. 
When spin coating, ihc solids content of the coating solution canbe adjusted to provide a 
desired fthn thickness basednpon the specific spinning equipment utilised, the viscosity 
of the solution, tl«s speed of the spinner and the amount of time allowed for spinning. 
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The resist ooinposition$ of liw invention are suitably applied to substrates 
conventionally nsod iu processes involving coating with photoresists. For example, the 
composition way be appUcd over sUicon wafers or silicon wafers co«led with silicon 
dioxide for ib& production of microprocessors and other integrated circuit components. 
Aluminum-aluminum oxide, gallium atscnide, ceramic, qoartz, copper, glass substrates 
and the like are abo suitably employed. 

Following coating of the photoresist onto a surface, h is dried by heating to 
remove the solvent until preferably the photoresist coating is tack ftce. Thereafter, it Is 
imaged through a mask in conventional manner. The exposure is sufficient to ejTcctively 
activate the photoactive coraponcat of Iho photoresist system to produce a patterned 
image in the resist coating layer and. more specifically, the exposure energy typically 
ranges from about 1 to 100 mJW. dqpcndent upon the esqjosur* tool and the 
components of tlic photoresist composition. 

As discussed above, coaling layers of the resist compositions of the invention are 
preferably photoaotivated by a short exposure wavelength, particularly a sub-SOO and 
Siib-200 nm exposure wavelength. As discussed above. 248 nra and 193 imt Pio 
particularly preferred exposure wavelengths. 157 mn also is a preferred exposure 
wavelength. However, the resist oomposiUons of the invenlion also may be suitably 
imaged at higher wavelengths. For cxamplo,aresin of tlte invention can be formulated 
with an appropriate PAG and Bonsiti2«r if needed and imaged at higher wavelengths e.g. 
365 nm. 

Following exposure, thft film layer of the composition is preferably baked at 
temperatures ratiging fi«m about 70'C to about 160"C, ThcreaRer. t!.e film is developed. 
The exposed resist film is rendered positive working fay employing a polar developer, 
preferably an aqueous based developer such as quaternary ammonium hydroxide 
solutions such as a lc1xa.alkyl ammonium hydroxide solution; various amine solutions 
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prefcmbly a 0.26 1>I tetramcfliylammonium hydroxide, sudi as othyl amine, n-pixipyl 
aiBlnc, diettiyl amine, di-n-propyl amine, tridhyl amine, or aielhyldlelhyl amine; alcohol 
aminos such as diethanol amine or Uicthanol amine; cyclic amines sudi as pyrrole, 
pyridine, etc. In general, development is in accordaace witii procedures lecogiiized in the 



Following development of the photoresist coaling over the substrate, the 
developed substrate may be selectively processed on tlwse Broas bared of nesist, for 
example by chemically etching or plating substrate areas bared of resist in aojordanoe 
with procedures known !n the art. For the manafactnre of microcleoltonio substrates, 
e.g., the manufacture of silicon dioxide wafers, suitaMc ctchants include a gas etahant, 
c.g. a halogen plasma etdiant such as a chlorine or fluorinc-based etchant such a Ch or 
CIVCHF3 etchant applied as a plasma stream. Aficr such processing, resist may be 
removed from the processed substrate using known stripping procedures. 

All documents mentioned herein are Incorporated hewan by reference, the 
followmg non-limitinE esan^le is illustralivo of the invention. 

Example J; 

A photoresist composiUon is prepared by admixing the following components 
where amounts are e)!pressed as weight percent of solids (all components except solvent) 
and the resist is formulated as a 90 percent fluid fomialatiou: 

Amount 
balance solids 
4 



Resin 



PAG 

Basic additive ^-^ 

Surfactant 

Solvent ^ weight percent solids 
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In the resist, the resin has the following stiucture wWch can bft prepared as set 
fortb in the abovo Schemes. 




In the resisl, the PAG is di-t-butylphenyliodonium camphorsol fonate (PAG 2 
aboVO); the basic additive is tctrabulylatnmonium hydroxide; the surfactant is Silwet 
7604; and the solvent is ethyl lactate. 

The formulated resist composMon is spin coated onto HMDS vapor ptitncd 4 inch 
silicon wafers and softbaked via a vacuara hotplate at 90PC for 60 seconds. Tlie resist 
coating layer is exposed thnragh a photomask at 248 nm; and then the exposed nssist 
coating layer is post-exposure haked at UO^C. Tlje coated wafers are then treated witli 
0.26 H aqueoiiB letramethylammonium hydroxide solution to develop the imaged resist 
layet. 

The foregoing description of tlie invention is merely iliuslrativc thcreor, and It is 
understood that vatiations and modiDcation can be made without departing from the spirit 
or scope of the Invention as set forth in the following claims. 
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1 Abstract 



The invention includes polymers that contain an alicyciic group (cage group) end 
acctal group wliicK can undergo a deblocking reaction in the presence of photogenerated 
acid. The invention also provides photoresists that contain such polymers, particularly 
for imaging st short wavelengths such as sub-300 nm and sub-200 nm. 



2 Representative Drawing 
Nothing 



